Neonatal intensive care units (NICUs) remain one of the few areas in hospitals that still use an open bay (OPBY) design for patient stays greater than 24 hr, housing multiple infants, staff, and families in one large room. This creates high noise levels, contributes to the spread of infection, and affords families little privacy. These problems have given rise to the single-family room NICU. This represents a significant change in the care environment for nurses. This literature review answers the question: When compared to OPBY layout, how does a single family room layout impact neonatal nurses' work? Thirteen studies published between 2006 and 2015 were located. Many studies reported both positive and negative effects on nurses' work and were therefore sorted by their cited advantages and disadvantages. Advantages included improved quality of the physical environment; improved quality of patient care; improved parent interaction; and improvements in nurse job satisfaction, stress, and burnout. Disadvantages included decreased interaction among the NICU patient care team, increased nurse workload, decreased visibility on the unit, and difficult interactions with family. This review suggests that single-family room NICUs introduce a complex situation in which trade-offs occur for nurses, most prominently the trade-off between visibility and privacy. Additionally, the literature is clear on what elements of nurses' work are impacted, but how the built environment influences these elements, and how these elements interact during nurses' work, is not as well understood. The current level of research and directions for future research are also discussed.
OPBY setting can easily adopt a team approach as needed to assist one another or provide coverage for breaks (Broom, Gardner, Kecskes, & Kildea, 2015) . Excepting the use of OPBY layouts, the NICU work environment is similar to other critical care areas in the hospital: neonatal nurses contend with heavy workloads, stiff time pressures, and staffing inadequacies, which is associated with poor nurse-reported quality of care (Lake et al., 2016; Rochefort & Clarke, 2010; Rogowski et al., 2013 Rogowski et al., , 2015 . This literature review examines the relationship between unit layout and nurses' work in NICUs.
The OPBY Challenges: Noise, Privacy, and Infection Control
Nurses in OPBY NICUs share the space with infants, families, and an array of high tech equipment with reflective surfaces. This creates high noise levels, a persistent problem in the open NICU, and in intensive care units in general (Konkani & Oakley, 2012) . Noise has long been recognized as an occupational hazard for nurses (Topf, 1988; Topf & Dillon, 1988) and may impact communication and job performance (Thomas & Martin, 2000) . Infants exposed to high levels of noise exhibit difficulty sleeping and experience a variety of negative physiologic responses (Brown, 2009) ; parents find that the noise from monitor alarms adds to their anxiety and creates annoyance (Beck, Weis, Greisen, Andersen, & Zoffman, 2009) .
Additionally, privacy is compromised in an open layout; lack of privacy in the NICU interferes with family bonding, the exchange of private medical information, and expression of breast milk (Beck et al., 2009; Falck, Moorthy, & Hussey-Gardner, 2016) . Perhaps most upsetting, there is no shield for families experiencing the range of emotional responses that occur in NICUs: joy, anger, or grief (Beck et al., 2009; Falck et al., 2016) . Nurses and NICU families alike indicate that counseling, comforting, or teaching parents in an open room is more challenging (Beck et al., 2009; Cone, Short, & Gutcher, 2010; Hogan, Jones, & Saul, 2016) .
Finally, infection control in an open room has been a concern, since NICUs began housing neonates with infectious diseases alongside infants who were simply premature (Gluck, 1992) . Today, hospital-acquired infections are a leading cause of morbidity and mortality in NICUs (Dudeck et al., 2011) ; patient safety relies on the fastidious performance of complex antiinfection protocols by neonatal nurses providing routine care (Ceballos, Waterman, Hulett, & Makic, 2013) . While OPBY layout would seem to encourage the spread of microbes, some authors have suggested that successful implementation of these hospital-acquired infection "care bundles" hinges largely on the culture of the unit (Stevens & Schulman, 2012) , a factor that could also be influenced by unit layout. For instance, delivering care in private rooms might discourage spontaneous teaching (Walsh, McCullough, & White, 2006) or allow nurses to "work around" a cumbersome protocol because their work is hidden.
The Solution: The Single-Family Room NICU
In the past 10 years, private rooms, or singlefamily rooms (SFRs), have become a popular alternative to the traditional NICU layout (Song & Shepley, 2014) . Research indicates that SFR layout decreases noise and healthcare-acquired infection, improves infant sleep patterns and length of stay, and enhances family-centered care and breast-feeding (Domanico, Davis, Coleman, & Davis, 2011; Szymczak & Shellhaas, 2013; VanEnk & Steinberg, 2011) , thereby alleviating difficulties associated with the old layout. Nurses rate SFR units as being quieter, more private, and better for patient care (Domanico, Davis, Coleman, & Davis, 2010; Smith, Schoenbeck, & Clayton, 2009 ). However, nurses working in these new units must contend with obstructed sight lines between themselves, patients, and coworkers and are therefore forced to work more independently and rely more heavily on the use of technology to communicate with each other and monitor patients (Shahheidari & Homer, 2012) .
Interestingly, there is emerging evidence that the SFR layout is not as beneficial for families as originally thought. Domanico, Davis, Coleman, and Davis (2010) found that parents actually preferred an OPBY NICU in regard to facilitating support from other parents, and Falck, Moorthy, and Hussey-Gardner (2016) found that parents feel more assured and secure being able to see all of the activity on the unit. One case-control study examining the maternal and family effects of the SFR layout found that mothers in the SFR unit reported significantly more stress than their OPBY counterparts (Pineda et al., 2012) . Extending comfort to anxious parents may increase the perceived workload of the nurse (Beck et al., 2009 ).
These observations suggest that there are implicit "trade-offs" accompanying SFR layout for both nurses and families. Understanding these complex trade-offs, and their meaning for nurses work, is essential to designing care environments that benefit the entire community of unit occupants. Therefore, a literature review was undertaken to answer the question: When compared to OPBY layout, how does a SFR layout impact neonatal nurses' work?
Literature Search
This is a "generic literature review" using the typology described by Grant and Booth (2009) , meaning an examination of the current literature that may include comprehensive searching or quality assessment. Articles for this review were identified by searching nursing and allied health databases such as CINAHL, PubMed, and Scopus using the search terms nurs*/neonatal/single family room/private room/open-bay/open-ward/unit layout and by searching reference lists of relevant articles and books. There were no constraints placed on date. Any study that evaluated the impact of SFR NICU layout when compared to OPBY layout on any aspect of nurses' work was included. Excluded were non-English language studies, non-peer-reviewed literature, reports that did not have a research question or use research methods, unpublished manuscripts, book publications, dissertations, and symposia proceedings.
Study Characteristics
The literature search yielded 13 articles dating from 2006 to 2015 for review. Details, including constructs and measures, are outlined in Table 1 . Studies were published in a variety of types of journals, indicating the multidisciplinary effort in this field of study: Five studies were published in medical journals, three in nursing journals, one in an occupational health journal, one in a behavioral health journal, and two in an architectural journal. All but two studies were conducted in the United States: one was conducted in Denmark and the other in Australia.
Studies were remarkably similar in their purpose statements; most (n ¼ 11) aimed to measure nurses' satisfaction with, or perceptions of, the SFR layout and its overall quality. Most studies (n ¼ 8) used a quasi-experimental design in which the new SFR unit served as the "intervention;" four studies distributed a questionnaire before and after new-unit occupancy, and four studies used repeated measures in which two measurements occurred after new unit occupancy, ranging from 12 to 22 months postoccupancy. Two studies used a posttest-only design, two used a case-control design in which the "control" was an open-bay unit, the "case" was an SFR unit, and one study used a grounded theory approach. All studies took place within a single NICU with the exception of the case-control studies. Layout was the only independent variable examined in these studies, but a variety of constructs pertaining to nurses' work were measured.
Except for one qualitative study, all studies used questionnaires with Likert-type responses. Five studies used the untitled instrument created by Smith, Schoenbeck, and Clayton (2009) . This is a 104-item instrument for nurses that deals with "major indicators of NICU occupancy quality." It includes items that cover the physical environment (noise, lighting, air quality, temperature, privacy, speech communication), patient care, the NICU job, interaction with the NICU patient care team and parents, interaction with NICU technology, and quality of life off the job. Two studies used a similar but shorter instrument created by Domenico, Davis, Coleman, and Davis (2010) . This instrument contains 33 items covering nurses' perceptions of the psychosocial work environment, workload, parental involvement, patient care, environmental quality (noise, lighting, and privacy), utility (e.g., availability of Purpose: Evaluated how a physical layout intervention "changed matters" for parents and health personnel. Design: Focus groups; grounded theory.
Results:
Five parents and 11 staff who had experienced the transition were interviewed after 3.5 months. Parents were appreciative of privacy, and felt that the infant and the room was "theirs." Staff cited issues with staffing, communication with families and other staff, being "trapped" in a room, and feeling like a visitor in the patient's room Smith, Schoenbeck, & Clayton, 2009 Purpose: Assessed staff perceptions and performance pre-and post move from an OPBY to SFR NICU design.
Design:
Repeated measures survey design-questionnaires were distributed before, 6 months, and 22 months postoccupancy of the SFR NICU. Task observations and interviews were also performed Constructs:
Quality of the physical environment Staff performance Patient care Communication Quality of life Measures:
Author-created 104-item instrument for nurses that dealt with "major indicators of NICU occupancy quality" (a > .70; no validity testing) Items covering the quality of the physical work environment (noise, lighting, air quality, temperature, privacy, and speech communication), patient care, their NICU job, interaction with other members of the NICU patient care team and parents, interaction with the NICU technology, and their quality of life off the job Space for written responses Task activity observations before and 6 months postoccupancy Activities included "interact with patient," "interact with coworker," "interact with family," and "interact with physician" Measured in average number of times observed per minute Each observation lasted 1 hr. No interrater reliability.
Results:
Survey: N ¼ 65, 65, and 75 at T1, T2, and T3. Results at 22 months offered "no meaningful changes" from the 6-month postoccupancy measurement Average rankings for the two postmove SFR surveys were significantly lower for quality of interaction with nurses and house staff, supervisors, physicians and NPs, but no significant change for patient or parent interaction quality Average rankings were improved in areas of overall physical environment, patient care, job technology, and off-the-job quality of life Written survey responses indicated increased difficulty in the SFR unit with ergonomic flaws, patient care, spatial layout, problems with technology, and unit management. Privacy and perception of quality of the physical environment improved. Observations: N ¼19 task analysis observations premove; 21 observations postmove Nurses were found to interact with coworkers significantly more often in an SFR environment. Interviews: Reported as "staff interview responses largely agree with the occupancy quality perceptual survey ranking results" Cone, Short, & Gutcher, 2010 Purpose: Reported on the perceptions of an interdisciplinary staff one year after the move from an open bay design to a single-family room NICU. Design: Posttest-only survey design.
Constructs:
Stress Patient care and safety Staff isolation Measures:
Author-created questionnaire containing 11 items on staff perceptions of patient care, stress, patient safety, hand hygiene, isolation, and organization No psychometric testing
Questionnaire contained some open-ended questions.
Results: N ¼ 79
Compared to the open unit, the SFR design was deemed better for patient care, less stressful for staff, with an improved physical environment. About 20% felt that the private rooms were unsafe for intubated infants Over one third felt isolated in their new unit Open-ended responses indicated that what nurses "liked most about their new unit" is increased family privacy; what they "miss most about their old unit" was accessibility of co-workers and being able to visualize several infants at once.
(continued) N ¼ 31 paired responses for the State Trait Anxiety measure; no significant changes No N reported for the environment of care questionnaire Significant reduction in the quality of nurse interaction with the health care team at the posttest Improvements noted in the quality of physical work environment, the quality of patient care, safety and security, and interaction with technology. Swanson, Peters, & Lee, 2013 Purpose: Assessed the attitudes and perceptions of patients and healthcare providers regarding the NICU environment while transitioning from OPBY to SFR Design: Repeated measures survey at 1 month and 18 months postoccupancy.
(continued) N ¼ 42, 58, and 51 at T1, T2, and T3. Some differences at T2, but by T3 there were no significant differences in attitudes and perceptions as compared to T1 Watson, DeLand, Gibbins, York, & Robson, (2014) .
Purpose: To determine whether there were differences in staff quality of work life and parent satisfaction when an NICU converted to SFR rooms from OPBY.
Design:
Repeated measures survey at six months and 1-year postoccupancy Only nurses participating at T1 were invited to participate at T2 and Results: N ¼ 55, 56, and 9 at T1, T2, and T3. At T2 and T3, nurses reported significant improvements in quality of the physical environment, ability to concentrate, family and staff privacy, and ease of communication At T3 only, improvements included the ability of staff to interact with parents, on the job productivity, and staff morale Hogan, Jones, & Saul, 2016 Purpose: Examined the impact of NICU design on nursing staff in terms of job demands and resources and employee adjustment.
Pre-posttest survey with posttest occurring 6-10 months postoccupancy Interviews were performed after the survey study; it is unclear if these were individual or focus group Constructs:
Turnover Job satisfaction and burnout Workload Staff isolation Peer and supervisor support Measures:
Two subscales of Maslach's Burnout Inventory were used: Personal Accomplishment (a ¼ .71) and Depersonalization (a ¼ .79). Extensive convergent and discriminate validity testing (Maslach, Jackson, & Leiter, 1996) .
(continued) supplies), and communication. These instruments are further described in Table 1 . Three other studies used their own author-created instruments, and three studies used measures exploring other constructs related to work (Table 1) . Three studies used more than one questionnaire. Five studies also included data from open-ended written responses, interviews or focus groups, and one study incorporated observation. Significance testing was carried out by comparison of mean scores; no studies incorporated analysis to control for confounding variables. Only one study (Smith et al., 2009 ) cited a theoretical framework-a closed-loop model of performance-design interaction in the workplace. Only one study (Swanson, Peters, & Lee, 2013) supported the null hypothesis-that there would be no difference in the attitudes and perceptions of patients and healthcare providers regarding the NICU layout when transitioning from OPBY to SFR.
Synthesis of Findings
Findings are presented according to the advantages and disadvantages to neonatal nurses' work accompanying a change to SFR layout. Many studies reported both positive and negative effects resulting from this transition ( Table 2 ). All but one study (Swanson et al., 2013) found that nurses' work was favorably impacted in some way by the SFR layout.
Many studies reported both positive and negative effects resulting from this transition.
Advantages to SFR NICUs
Improved quality of the physical environment. Eight of nine studies which questioned nurses on the quality of the physical environment reported that the quality of the physical environment improved ( perceptions of the quality of the physical environment (Stevens, Helseth, Khan, Munson, & Smith, 2010; , specifically noise, degree of privacy, and lighting (Bosch, Bledsoe, & Jenzarli, 2012) . also measured decibel levels and illumination before and after SFR construction, finding more than a 50% reduction in sound load in the SFR environment. However, the level of illumination both in work areas and at the bedside was below recommended standards. Domanico et al. (2010) also reported significant improvements in nurses' perceptions of noise level and lighting quality as well as a decrease in foot traffic after conversion to SFR layout. Again, these gains were sustained at the second observation, which occurred at 18 months. Shepley, Harris, and White (2008) used a casecontrol design to evaluate perceptions of nurses working in OPBY, SFR, and combination SFR NICUs using the Physical Environment Survey and found that the SFR NICU received the highest ratings in terms of family privacy, noise level, lighting, and overall quality. Smith et al. (2009) reported significant increases in the "ability to interact with NICU patients" and "organization of work." These gains were maintained at the 22-month follow-up measurement. There were no changes in continuity of care. No discussion of how the SFR layout might have influenced these findings is offered. Likewise, Note. Each study may be in more than one category. Stevens et al. (2010 do not discuss the finding that nurses' perception of the quality of patient care improved, and they do not report responses to single items within the subscale. However, nurses participating in the Cone, Short, and Gutcher (2010) and Walsh, McCullough, and White (2006) studies believed that patient care improved related to the calm atmosphere that the SFR layout provides, which promotes sleep and family bonding. One study also measured infant outcomes related to patient care. measured the number of apneic events, and interval until full enteric feedings were established, finding that apneic events were significantly decreased in the SFR NICU but in a very small sample (n ¼ 9). In a larger sample of 42 neonates, infants in the SFR NICU took significantly fewer days to establish full enteric nutrition.
Improved parent interaction. The Smith et al. (2009) study found a significant increase in nurses' perceptions of "quality of interaction with parents," a 1-item measure, but did not discuss this particular result. Watson et al. (2014) , using the same measure, found that nurse interactions with parents improved in the SFR layout but only at the 1-year follow-up. The authors suggest that interacting with the parents in the private room allows for improved teaching and greater parent involvement in infant care, leaving parents more confident at discharge. Beck, Weis, Greisen, Andersen, and Zoffman (2009) and Hogan, Jones, and Saul (2016) reported similar findings, with Hogan et al. (2016) citing a "tailoring of care" that occurs in private rooms.
Nurse job satisfaction, stress, and burnout. The Shepley et al.'s (2008) study is remarkable in that its primary purpose was to explore the constructs of nurse stress and job satisfaction along with perceptions of unit layout (Table 1 ). The SFR NICU performed significantly better than the OPBY units on job satisfaction and all subscales of the stress measure. The authors suggest that differences observed on the death and dying subscale of the stress measures might be a result of the increased privacy that SFR NICUs afford for grieving parents, but they did not account for how unit layout might have reduced stress levels, as it relates to the other subscales in the measure such as workload, interaction with patients and families, or problems with peers and supervisors. Likewise, Cone et al. (2010) , Bosch, Bledsoe, and Jenzarli (2012) , and Harris, Shepley, White, Kolberg, and Harrell (2006) also reported decreased stress in nurses in the SFR layout, each using a 1-item measure. Mechanisms underlying the relationship of unit layout to job satisfaction were not discussed in any of these studies. Hogan et al. (2016) did not find any significant differences in job satisfaction between OPBY and SFR observations.
The study by Hogan et al. (2016) is notable in that it specifically addressed components of nurse burnout (emotional exhaustion and personal accomplishment) as dependent on unit layout (Table 1 ). The authors found that nurses in the new SFR NICU experienced greater feelings of personal accomplishment than they did in the OPBY unit; analysis of interview findings suggested that this might be related to more private interactions with families, which led to parents being better prepared for discharge. There were no differences in emotional exhaustion.
Disadvantages to SFR NICUs
Nine studies reported deleterious effects on nurses' work after conversion to single family rooms. Even in studies where nurses perceived that the quality of the physical environment had improved, there were unintended negative consequences for their work (Table 2) .
Interaction among the NICU patient care team. Nurses in eight studies found that interaction among the care team, staff communication, or teamwork significantly decreased in the SFR NICU. Smith et al. (2009) found that the perceived "quality of interaction with the care team" did improve at the second postoccupancy measurement as compared to the first but was still significantly lower than the OPBY scores. The authors suggest that these differences resulted from "the more distributed spatial layout of the private room design, and consequent greater isolation and reduced interaction of NICU staff compared with the original OPBY design." Findings from the same study include 19 task activity observations of nurses before and 6 months after conversion (Table 1) . Nurses were found in observation to interact with coworkers significantly more in the SFR layout, yet questionnaire data reflected lower quality of interaction among the care team. The authors discuss this "apparent contradiction" and suggest it as an area for future research.
Other studies using the Smith et al. (2009) questionnaire reported similar findings (Bosch et al., 2012; Stevens et al., 2010 . Stevens et al. (2010) included physicians and other personnel in the sample and found that only nurses reported a decrease in care team interaction. The authors mention that nurses may feel that fewer colleagues are available to them for assistance on an SFR unit and that contact with physician staff is decreased. Bosch et al. (2012) found that in questionnaire responses, "ease of communication" on the SFR unit improved, but written responses contradicted this-nine nurses cited problems with staff support and teamwork.
Studies not using the Smith et al. (2009) tool reported the same disadvantage. Domanico et al. (2010) reported that communication among staff and staff support significantly decreased in the SFR unit immediately and 18 months after new unit construction. Hogan et al. (2016) and Walsh et al. (2006) both reported difficulty with staff communication in the qualitative portions of their studies. Similarly, via questionnaire in a posttest-only study, Cone et al. (2010) reported that over one third of nurses struggled with feelings of isolation from coworkers after conversion to SFR layout; feelings of isolation are also documented in the qualitative portion of the study by Hogan et al. (2016) . Beck et al. (2009) reported the particular problem of nurses becoming "trapped in a room" in an emergency situation, unable to communicate to other staff their whereabouts, and the opposite scenario, in which the unit seems very quiet but nurses are unaware that there is an emergency going on in another room. Specific compensations to guard against decreased staff interaction and isolation discussed by authors include staff holding frequent meetings, educational forums and debriefings, and use of a "voice-activated system" to enable staff to connect (Beck et al., 2009; Walsh et al., 2006; Watson, DeLand, Gibbins, York, & Robson, 2014) .
Increased workload. Walsh et al. (2006) , a posttestonly study, found that 70% of participating nurses responded positively to the single item "SFR is harder on nursing staff." Written comments attributed this to increased walking distances and greater difficulty visualizing several infants at once. Although Smith et al. (2009) reported significant gains over the OPBY layout in "on the job productivity" for nurses via a 1-item measure, written comments indicated that increased walking distances in the SFR layout contributed to greater lower back and limb pain in participating nurses. The same comments also suggested that the spatial layout of the SFR contributed to a reduction in teamwork which translates to difficulties managing the unit and caring for patients and their parents adequately. The qualitative portion of Hogan et al. (2016) reflected similar findings and also noted that workloads increase when nurses are unable to educate several parents at once as is possible in an OPBY layout. Beck et al. (2009) found that private rooms demand more personnel, as nurses were unable to carry out as many tasks simultaneously as they once did on an open unit; this was supported by Domanico et al. (2010) who found that work was more physically demanding and that staff was less "willing to assist" in the SFR layout even after 18 months of adjustment.
Perceived decreased safety. A large minority of nurses in the two posttest-only studies cited patient safety issues with the SFR layout: 20% of respondents in Cone et al. (2010) and over one third of respondents in Walsh et al. (2006) felt that SFR layout was unsafe for the critically ill neonate. Authors in both studies attribute this to lack of visibility on the new unit. Likewise, nurses responding to a single item in the Domanico et al.'s (2010) study-"medical crises are seen early" scored the new SFR NICU significantly lower than their OPBY unit; this did not resolve at the 18-month follow-up measure. Again, increased staffing is recommended- Walsh et al. (2006) specifically indicated that adequate staffing levels are essential in the private room NICU, as the obstructed sight lines make oversight of several infants and families impossible. The authors suggest that since not as many nurses can see an infant in a private room, the nurse manager or charge nurse should make "extra efforts" to visit each bedside.
Difficult interactions with family. In counterpoint to results citing improved interactions with families, the Beck et al. (2009) study points to a change in nurse and parent interactions in the single room setting that can be challenging for nurses' work. While interacting in a private room made the nurses more attentive to the parents' concerns, it also made them more sensitive to the parents' anxiety, creating tension in the room and the desire to escape.
Discussion
Most studies in this review (n ¼ 8) reported both negative and positive effects on neonatal nurses' work resulting from the transition to SFR layout. This suggests a complex situation in which tradeoffs occur. There seems solid evidence that nurses find that the "quality" of the physical environment improves when the new unit opens, and this likely results from improvements in noise levels and privacy-the introduction of private rooms would consistently produce these effects. The main advantages to nurses' work include a calm, quiet environment for interacting with parents and infants and possibly a less stressful work environment overall. However, the provision of patient privacy often results in decreased sight lines on the unit, and this has major implications.
The main advantages to nurses' work include a calm, quiet environment for interacting with parents and infants and possibly a less stressful work environment overall.
Lack of visibility on SFR NICUs may be at the core of the disadvantages to nurses' work. Visibility is necessary for easy surveillance of infants; it is also necessary to quickly locate teammates for assistance and to oversee the general milieu of the unit. There may also be a connection between lack of visibility and concerns over patient safety, decreased communication and teamwork among staff, and feelings of isolation among nurses. All of these things, in addition to walking distances, may contribute to perceptions of an increased workload. In addition to decreasing professional communication, lack of visibility may also undermine the social support that makes working in a demanding job more manageable.
Lack of visibility on SFR NICUs may be at the core of the disadvantages to nurses' work.
This review also found that private rooms impact nurses' interactions with families, a major component of neonatal nurses' work, but findings varied. Some studies reported a greater ease of interaction with parents in a private room, which translated into parents being more willing to participate in their infants care and better prepared for discharge. However, Beck et al. (2009) added another dimension: Being alone in a closed room with distressed individuals can be burdensome for the caregiver.
Current Level of Research
The research on this topic suggests an introductory understanding of the relationships between NICU layout and nurses' work. Most studies in this review are quasi-experiments (n ¼ 8) that test the impact of SFR layout on NICU nurses' perceptions of and satisfaction with the quality of the built environment. While this does lay the foundation for inference regarding the relationship of unit layout to nurses' work, there are methodological limitations. Twelve of 13 studies in this review rely on survey methodology in a small sample on a single NICU, and most (n ¼ 10) used an author-created tool with limited or no psychometric testing (Table 1) . Three studies (Bosch et al., 2012; Cone et al., 2010; Smith et al., 2009) reported qualitative findings that were not reflected in the results of the survey portion of the study. The limited ability of these questionnaires to give shape to such a complex phenomenon or describe a subtle distinction makes the generation of new knowledge on this topic using survey methods difficult.
The limited ability of these questionnaires to give shape to such a complex phenomenon or describe a subtle distinction makes the generation of new knowledge on this topic using survey methods difficult.
Replication within this literature base has established the groundwork for generating future research. Next steps include bolstering the knowledge base using larger sample sizes and more sophisticated statistical techniques that allow the researcher to explore the relationship between satisfaction with the physical work environment and organizational factors such as satisfaction with leadership or individual-level factors such as overall job satisfaction or occupational stress. However, there are limitations to generating large subject pools, as units are finite as is their staff population. Also, comparisons across units can be challenging due to operational confounding variables. Larger studies of hospital workers have demonstrated that the physical environment is associated with workgroup cohesion, workload, and negative affect (Djukic, Kovner, Brewer, Fatehi, & Greene, 2014) as well as decreased rates of job related anxiety, increased levels of job satisfaction, and increased levels of organizational commitment (Sadatsafavi, Walewski, & Shepley, 2015) .
Directions for Future Research
This literature review opens several avenues for further investigation. First, a reliable and valid tool is needed to measure the congruence of unit layout to nurses' work. Validity testing is especially important, as nurses' work is comprised of complex constructs such as "communication," "patient care," "safety," and "satisfaction." A qualitative study would also be helpful in exploring these constructs in the context of unit layout and may reveal subtleties that are difficult to capture using survey techniques.
Second, there is little thoughtful discussion on the trade-offs suggested by this review, how they are incorporated into nurses' work in private rooms and how this might impact their work behaviors, attitudes, and occupational health. For instance, it seems that nurses trade ease of communication and task sharing in the OPBY layout for a less stressful work environment overall in the SFR layout. It is possible that nurses working in SFR units experience less occupational stress while simultaneously experiencing barriers in communication and heavier workloads. It is unclear how these elements might be held in balance.
The mechanisms underlying the relationship between noise and nurses' work could also be more fully explored. Less noise promotes worker concentration and may be related to stress reduction, but being unable to hear the necessary noises on the unit, as well as see what's going on, seems to be problematic. Again, a qualitative study may prove enlightening.
Most studies in this review lacked a theoretical framework-and this may be helpful in more fully describing the mechanisms between unit layout and nurses work. The Systems Engineering Incentive for Improving Patient Safety (SEIPS) model offers a useful guide to researchers. Nesting people among factors such as tools and technology, organization, tasks, and the internal (physical) environment, the SEIPS model illustrates how work systems influence physical, cognitive, and behavioral processes, therefore influencing patient, professional, and organizational outcomes (Holden et al., 2013) . For example, increases in privacy from SFR have resulted in changes in nurses' sensory input; this may impact their physical movements, thoughts and feelings, and interactions with others, and this may affect their work on their new unit.
It was also interesting to note that infection control, seen as a challenge to OPBY layout that single family room layout has overcome, was not discussed in detail in these studies. Cone et al. (2010) and Walsh et al. (2006) both employed a single Likert-type item to measure ease of handwashing. Both authors noted significant improvements in the SFR setting that they attributed to placement of sinks and hand sanitizers. No studies examined nurses' perceptions of performing more complex infection control protocols in the SFR setting, although performing these procedures is a dominant feature of intensive care nursing.
Finally, this literature review did not yield evidence that certain design elements, such as circular layout, decentralized nurses' stations, or glass doors or partitions, might preserve some of the visibility benefits of OPBY layout; this could be further explored. Also, similar to other literature reviews on this topic (Shahheidari & Homer, 2012) , this review found that nurses lean more heavily on technology (telemetry, alarms, and portable phones) in an SFR unit for monitoring patients and connecting with each other. This move toward more technological forms of surveillance may impact nurses' work in ways that have not been discussed.
Improved understanding of the articulation between unit layout and neonatal nurses' work is a logical next step in evaluating unit architecture as prevention or intervention in the workplace. Further insight might be gained by considering nurses, families, and patients as part of the same community, with needs that may not be as divergent as is currently thought. Indeed, researchers might do well to challenge the notion of the "design dilemma" which is reported in both the NICU design literature (Domanico et al., 2010; Shahheidari & Homer, 2012) and elsewhere (Rashid, 2014; Tanja-Dijkstra & Pietrse, 2011) . The premise of the design dilemma is that design features that support patients well (e.g., privacy) are necessarily at odds with nurses' needs (e.g., visibility). Aspects of the SFR layout that are detrimental for nurses, such as the nurses' isolation derived from patient privacy, also may be detrimental for families and patients if their care is affected and vice versa. Providing optimal work environments for nurses to interact effectively and compassionately with NICU patients and their families is essential in our shared goal of providing more positive outcomes for this population.
Implications for Practice
NICU nurses can anticipate both advantages and disadvantages to their work after moving to SFR layout. NICU architects, working with nurses and others, should consider how the benefits of OPBY layout might be preserved in a SFR setting. Researchers should consider qualitative approaches when investigating the impact of unit layout on the complexities of nurses' work.
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